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PREFACE 

The SPACE SAVIGATION ASD ORBITAL MECHANICS COURSE i s  divided into t h r e e  
vldumcs: 

INTRODL'CTIOS TO SPACE NAVIGATION 

INTRODC'CTIOK TO ORBITAL MECHANICS AND RENDEZVOUS 
TECHNIQUES 

APPLIED ORBITAL MECHANICS 

Each vo lume  consis ts  nf onc or m o r e  programed instruction texts. Each text contains a list 
nf im-reqiiisitrs and :I l i s t  of ohjc.ctivrs. 

Tht' prc.rcquisitcs trll you whnt you should alrenrly know before you begin the flrst section of 
prograni td  instruction material .  If ymi cannot mcet  the prerequis i tes ,  you will find i t  v e r y  
difficult to procwvi through thtb text. 

The objectiscs tc'll you what you wil l  be able  to do upon completion of the tcxt, 1. e. , the 
ohjectivt*s t d l  you what prohltims y d l l  bc* ahlv to solve, what i tems  you'll be able to 
dvfinv, ctc.  If ycxi c:in sat isfy the objcctivcs without reading the text, proceed to the next 
tcxt. 

T h i s  tcxt is yours  to k w p .  You rnnywant to write,  sketch or underline in it. The m o r e  you 
participate,  the more yau w i l l  h i m  and the longer you will r e m e m b e r  what you learn. 
S h o d d  you wish to  rcvicw thi* tt'xt in a y e a r  or so, your  notes would be quite valuable in 
rc f rmhing  your  memory. 
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INTRODUCTION 

This i s  Text 1 of Volume 2 of the SPACE NAVIGATION AND ORBITAL MECHANICS course. 

"hie text contains the following sections: 

SECTION 1: THE LAUNCH 

SECTfON 2: INSERTION INTO ORBIT 

Section 1 covers the spacecraft launch and the resulting ground tracks. Section 2 covers the 
actuai insertion into orbit and the characteristics of the resulting orbits. 

The drawing below shows how this text fits into the SPACE NAVIGATION AND ORBITAL 
MECHANICS course. 

VOLUME 2 

INTRODUCTION TO 
ORBITAL MECHANICS 

AND RENDEZVOUS 
TECHNIQUES 

APPLIED ORBITAL 
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PREREQUISITES 

ncfnrc stnrting this  Icst, you should have successfully completed volume 1 of the space 
nnv igation and orbital mechanics course, INTRODUCTION TO SPACE NAVIGATION, Texts 
1, 3, and 3 or their equivalent. 

V 



OBJECTIVES 

Upon completion of this  text, you will be ablc to do the following: 

1. Given an appropriate illustration of an orbit or ground track. identify the following i tems: 

A. launch azimuth angle 
3. orbital inclination 
C. true anomaly 
D. heading angle 
E. flight path angle 
F. insertion angle 

8. Given a launch s i t e  loention nnd launch axiiiiuth angle. sketch the approximate ground 
track. 

3. Given a n  insertion point, insertion angle, and insertion vt*liwity relative to c i r c u l a r  
velocity, determine the approximate locations of apogee and per igee and the t r u e  
anomaly of the insertion point. 

4. Given the t rue  anomaly of  a spacecraft .  dctermine i t s  location with respect to apogee 
and perigee and whether i ts  flight path nnglc is pnsitive, negative, or zero and v ice  
versa.  

5. Given a launch site latitude, dc.termine: 

A. 

I3. 

the minimum and maximum orbital  inclinations which can be achieved and 
the Launch angles necessary  to  achieve them. 
thv approximatc launch azimuth angles required to achieve a given orbital 
i ncl inn tian. 

ti. G i w n  2 l ist  of flight path a n g k  e h a n c t e r i s t i c s ,  identify those applying to a c i r c u l a r  
orbit. 

Vi 



DIRECTIONS FOR USING TEXT 

Thca ma)ctrity of f ramcs  in this text each have o n e  or m o r e  questions. The answers  to these 
qucstions always appear  ln the begtnntng of the followlng frame. 

R:islcally. t he re  arc two types of questions used. The  first is used wtth "lecture" f r ames ;  
i .  1%. f r ames  uhich present  complete units of tnformation or concepts. This  type of 
question tes t s  your comprtshension of the mater ia l  in that f rame.  

The other type o f  question is used with f r ames  in which the information or concept is 
intentionally left incomplete. In these f r a m e s ,  the student is required to u s e  whatever 
information h e  i s  given (e i ther  i n  the text of the f r ame  or an il lustration referenced from 
thc9 frame) to  answer the qucstion. The  answer  t o  this question, then, completes the 
concept or unit of information presented in  the f rame.  

vii  



INSTRUCTIONS 

1) READ THE FRAME MATERIAL 

2) 

3) 

4) 

ANSH'ER THE QUESTIONS IN THAT FRAME 

CONFIRM YOUR ANSWERS AND REVIEW THE FRAME MATERIAL IF NECESSARY 

REPEAT STEPS 1, 2, AND 3 UNTIL A SECTION IS COMPLETED 

5 )  ANSPI'ER ALL REVIEW QUESTIONS 

6) CONFIRM REVIEW QUESTION ANSWERS 

7) FlEVIEW THE ITEMS YOU HAVE MCORRECTLY ANSR:ERED UNTIL YOU HAVE 
MASTERED THE MATERIAL IN THAT SECTIOrJ 

PROCEED TO THE NEXT SECTION 8 )  

viii 



SECTION 1 

TtlE LAUNCItl 
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1-1 1 
I 

in  Volunie 1 of  this  series. we said th:it the minimum orbital  inclination that can 

he achicvcd from a glvcn launch s i t e  is equal to the latitude of that launch site. 

NOW we are going to  look into this a little m o r e  closely and see why it is true and 

j u s t  how the minimum inclination is achieved. 

To start with, we will u s e  a hypothetical launch site on the equator,  as shown 

in figure 1-1. 

1. From an q u a t o r i a l  launch site. the minimum orbital inclination that could 

be achieved is degrees.  

1-2 

ANS-1: 0 

The plane of such an orbit would, of course,  coincide with Earth 's  equatorial 

plane. 

2. To achieve th is  zero-degree orbit ,  the  spacecraf t  m u l d  have to be launched 

in what direction? 

1-3 
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* ANS-3: east - 
Actually, it could also be launched west, but we would normally take advantage 

o f  Earth's rotationnl sped by launching east 

To dt-finv thc dirwtion of launch morc explicitly, the term launch azimuth 

nnglc is used. The launch azimuth angle, illustrated in figure 1-2, is thc angle 

h c t w c n  due north and the direction in tvhich the spacecraft is launched. 
- 

13. Thc launch azimuth angle in question 2 was 
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:I I:iunc*h nzinnith n 

or  G i i i : i l l ( * r  than !)I) 

t h q .  tBtiti:itori:ii 1tl:inc.. 

4. FIW c*u:ini;)lt*, if fhc Launch azimuth angle w r e  equal to 6O0,  as shown in 

degrees. 

cr launch azimu glc -- ei ther  greater 

- will obviously !ilt the orbit  so it n o  longer coincides with 0 

I figiirc- 1 - 3 .  lhc rt*sulling orbital  inclination warld be 

I 

:\ss - 4. ::t# 

I <  wi  in SIY. froin figurc 1-3. tht. o!-l~ital inclination is equal to the difference 

I w t i t 4 v  1-1 !w :ind thv Inunch :iziniuth angle. In this case, it is ‘30 - 60 = 30. 

. I .  Sit;iposc~ th(b launch azimuth nnglc. wn’s 120 , as shownin figure 1-1. What 

- 
I 1  

0 I uoiild hc- the inclination of the resulting orbit? 

n on ~ o u l d  IM> thc same ns for  the Gl )  I 

’ rence is that the as 

1-7 



N 

S 

N 

S 

FIGURE 1-5 

f -8 



All  vcrv s imple ,  3s long 3s we keep the launch site on the equator. 

Unfortunately, w r  chicaf real-life launch site is Cape Kennedy, which is at 

;ilniost 30 north lntitudc. (28 11'2 , to be exact, but we can round it off to 

:IO for o u r  purik)sc.s. ) fkforc t w  p:inic, howcvcr, Ict's take a look at the path 

0 0 

0 

of a spncccrnft thnt \ins lnunched from ,an equatorial s i t e  into an orbit with an 

inclination o f  30 . This path is shown in two f o r m s  in figure 1-5. (Note: We are 

ignoring Earth 's  rotation for the t ime hcing, so don't worry  about the fact that the 

ground trnck in figure 1-5 i s  :)GO of longitude from one ascending node to the 

0 

0 

next. 1 

t i .  As we 1c:irnt.d in Volume 1, n spacecraf t  in an orhit  inclined 30 with 

rcspect  to thi. lquntorinl p1:u-w will reach a maximum north and south latitude 

of 

0 

I 1 -* 

ASS-c;: :ioo - 
A spacecraf t  in n :JOO orhit ,  then, would pass  over the latitude of Cape Kennedy 

a t  the most northerly p i n t  of its orbit. In fact, i f  we select the launch site 

cor rec t ly ,  ns i x c  did in figure 1-3, the spacecraf t  will pass  over  Cape Kennedy 

i t s c b l f .  Sotice, houever .  the direction the spscccraf t  is travcling at the 

northernmost and southernmost points of the ground track. 

o 4 7. A t  30' north and 30 south, the s p n c w r a f t  is traveling direct ly  
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ANS-7: east 

This  direction of t ravel  is defined m o r e  specifically by the heading angle. The - 
heading angle is mensurcd in the sarnt' way a s  the launch azimuth angle,  i.e., 

f rom duc north to thc dirt-tion o f  trnvc4. (See figure 1-6.) 

8. Thc heading n n g 1 ~  of thc spncccr.rf: as it p a s s e s  over Cape Kennedy would 

be 

I 

ANS - 5 : 90'' - 
0 9. To litunch a spaecersf t  into the s a m e  30 orbit  from Capc Kennedy at 30' 

latitudc. uha t  launch azimuth ,angle would be required? 

1-11 

The launch azimuth angle can be thought of as the  spacecraf t ' s  heading angle 

a t  the t ime of launch. 

10. If the orbit  were inclined SOo, you expect the heading angle at the 

northernmost point of the ground t rack to be degrees.  

1-12 

AXS-IO: 'IO 

In fact. the hcnding angle of any orbit  a i l 1  be 90' a t  its northernmost and 

southe m m o s  t pnin ts. 

11. Launching a spacecraf t  from a latitude of G O o  south at a launch azimuth 

angle of 90' would produce an orbit  with an inclination of 

1-11 
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So, a launch azi 

to the latitudc of the launch site 

prcxluccs an orbit with an inclina 

But what about launch azimuth angles other  

the launch nzim 

18. A launch azimuth angle greater than 90' produces an orbit with an 

incl inn tion 

launch azimuth angle less than '30" produces an orbit with an inclination 

(grcnter / lcss )  than the launch s i t c  latitude. 

goo? The resul ts  of varying 

(grea tc r i lcss )  than the launch site latitude. A 

.%VS-l2: greater 

g r e a t e r  

KO mat ter  which i ~ a y  ttc turn the space?eraft, the inclination increaees, which 

simply shows that, as wc said carlicsr, the minimum orbital inclination that 

can be achit-ved from n given launch site. i s  equal to t h e  latitude of that launch site. 

The  m x i m u m  inclination, however, is ,mother matter .  

13. Launching either 

1-13 
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I 

ANS-13: !IOo 

0 An orbi t  inclined 90 is a polar orb i t  and is as inclined as i t  can  get. 

0 Thus, v a r y n g  the launch azimuth angle from 90 ( s t ra ight  east) to  either 0' 

(s t ra ight  north) or 180° (s t ra ight  south) wilt va ry  the inclination of the result ing 

orb i t  from a snluc equal to the launch s i t e  latitude to 90 . (The actual mathemat- 

ical relationship is cos i :cos X ]  [sin A 1 , where X is the latitude of the 

launch site,  i is the orbi ta l  inclination, and A is the  launch azimuth angle. For 

ou r  purposes, however, knowing the maximums and minimums and the general  

relationships among the three  is sufficient. ) 

0 

The launch azimuth angle a l so  dc twmines  the location of the orbit's nodes. 

14. As you can see in figure 1-8, a 90' launch azimuth angle from a site in the 

northern hemisphere puts the orbit's descending node 

(90' west/90° eas t )  of the launch site. (Don't forget, w e  a r e  ignoring Earth 's  

rotation. ) 

1-17 

ANS-14: 40' e a s t  

The ascending node, of course ,  would be 90 west of the launch site. 

15. Making the launch azimuth angle g rea t e r  than 90' (figure 1-9) would place 

the ascending node 

0 

(nea re r  to/fur thcr  from) the launch site. 
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S-15: fur ther  f rom 

The descending node, of course ,  would move n e a r e r  to  the launch site. 

Figure 1-10 i l lus t ra tes  what happem to the nodes for launch azimuth angles 

both l a r g e r  and sma l l e r  than 90'. 

16. A launch azimuth angle of 0" would place the ascending node 

(on the s a m e  longitude a8 the launch 

site/18O0 away from the launch site). 

ANS-16: on thc same longitude a s  the launch site 

A launch azimuth angle of 180'. then, would put the ascending node on the 

opposite s ide  of Earth.  

1- 17 
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1-20 I REVIEW QUESTIONS 

17. The maximum orbi ta l  inclination which could be achieved from a launch 

s i t e  at 20' north latitude would be 

required to achieve this inclination would be 

18. The  minimum orbi ta l  inclination which could be achieved from a launch 

site a t  30' north latitude would be 

required to achieve this  inclination would be 

19. The  descending node of the orb i t  in question 18 would be 

(90' west / less  than 90' west/90° eas t / l e s s  than 90' east) of the launch site. 

20. Sketch the approximate ground t r acks  that would resu l t  from the launch 

azimuth angles and launch sites shown In figure 1-11. 

The launch azimuth angle 

The launch azimuth angle 

1-19 
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1-21 

REVIEW QUEST IONS (continued) 



1-21 

ANS-17: 

ANSWERS TO REVIEW QUESTIONS 

ANS- 18: 

Ass- 19: 

AYS-20: 

9oo 

Uo or 180° 

30' 

g o o  

90' east 

(frames 1-14. 1-15) 

(frames 1-7, 1-8) 

(frame 1-10] 

C 
30 

uo 

30" 

I 1 1 1 
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ANSWERS TO REVIEW QUESTIOSS (continued) I 1-21 

ANS-21: Heading angle (D could also be thought of as 
the heading angle, but only at 
the time of Iaunch. Thus, F 
would be a better choice,)  

(frame 1-9) 

- B Orbital inclination (figures 1-3,1-4) 

D Launch azimuth angle (figure 1-7) - 
ANS-22: E.  either greater or less than 90' - (frames 1-13, 

1 - 14) 

1-23 



SECTION 2 

INSERTION IKTO ORBIT 

2- 1 
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In section 1, we limited the discussion to orbital cha rac t e r i s t i c s  that p r imar i ly  

a f f e c t 4  the ground track. In this section we will take up a different set of 

ch:imctcristics. including perigec nncl apogee. which pr imari ly  affect the 

"spnet. track" but hnve l i t t le effect Qn the  ground track. 

First thcrc is true nnomnly, shown in figure 2-1. 

1 .  F'rtvti figurv 2- 1. you can  sec &:it thc  true anomaly is the angle between the 

sp:iccc raft 's present position and (perigee/apogec) . 

ANS-1: perigct: 

Sotice that tme anomaly is s i m i l a r  tc  longitude in that i t  goes to 180' in each 

direction r a the r  than f rom Oo to  380 i n  one direction. 

- 
0 

2. As you can see, the t rue  anomaly of a spacecraf t  traveling away from perigee,  

toward apogee. is always 

spacecraft  that has  passed apogce and is returning toward perigee is always 

(positive/negative), while that of a 

( pos i tiv e/negst ive). 



APOGEE, 

FIGURE 2-2 

PERIGEE 
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LOCAL 
V E RT IC AL 

FIGURE 2-3 
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2 -4 

ANS-3: ccn t r r  o f  thc Earth 

Or the center  of whatever body the spacecraf t  is in orbi t  about. 

- 

Another character is t ic--one which va r i e s  wi th  t rue  anomaly--is flight path 

angie, shown in figure 2-3. 

-- 
- 
-4. From figure 2-3, you can see that the flight path angle i s  the angle between the 

actual direction of spacecraf t  t ravel  ( i .  e. , tangent to the spacecraf t  orbi t )  and 

local (ver t ical /horizont i l )  . 

_.  

2-5 

ANS-4: horizontal 

As shown in figure 2-3, local horizontal i s  simply a line perpendicular to local 

vertical .  

5. A s  a spacecraft  leaves the launch pad, traveling s t ra ight  up, its flight path 

angle would be degrees.  

2-7 
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ANS-5: 90 - 
We wi l l  assume I t  to be +go9, which means that if you drop a rock down an 

0 elevator shaft, the rock would have a flight path angle of -90 . (Don't forget, 

we a r e  not taking Earth 's  rotation into account. If we were,  we would speak of 

the inertial flight path angle and would s a y  that a body at  rest on the sur face  of 

the Earth would have an inertial flight path angle of 0'. Thus, the iner t ia l  

flight path angle of a spacecraf t  going "straight up" a t  about 1,000 mph would 

be about 45'. In this text, however, we will speak only of flight path angle 

and will not take Earth 's  rotation into account.) 

Figure 2-4 shows how the flight path angle va r i e s  with true anomaly. 

6. From perigee to  apogee, the spacecraf t  is moving generally 

( towardaway from) Earth and has  a 

angle. 

(posiMve/negative) flight path 
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ANS-ti: away from - 
positive 

As the spacecraft moves back toward perigee, it is traveting toward Earth 

and has a negative flight path angle. 

7. A t  perigee and apogee, however, the spacecraft is neither traveling toward 

nor away from Earth, so its flight path angle (figure 2-4) is degrees. 

a 

ANS-7: 0 - 
Thus, by knowing the flight path angle, you can tell which half of the orbit the 

spacecraft is in. 

8. A positive flight path angle means the spacecraft has a 

(positive/negative) true anomaly and is approaching 

@e r igee/apogee). 

9. A flight path angle of 0' means the spacecraft is at . 

2-11 
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ANS-8: positive 

apogee 

at either apogee o r  perigee ANS-9: 

Actually, a flight path angle of 0' could also mean that the spacecraft was in a 

circular orbit (figure 2-5). which would have no perigee or apogee but would 

have a constant flight path angle of 0'. 

- 

2-13 
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In section 1, wv spokc only of "launching" a spacecraf t  into orbit ,  and u e  acted 

ns if the  spacecraf t  achieved i t s  orbit directly Over the launch site.  As far as 

orbital inclination and launch azimuth angle are concerned, this simplified view 

is sufficient. In talking nhout apogce, perigee. and flight path angle, however, 

\\e hnvc. to he rtiorc specific and introducc! n new t e r m ,  insertion point. The 

insertion point. illustrntcd in figure 2 4 ,  can bc defined a s  the point at which the 

spacecraf t  aetunllv vntcrs  i ts  orbit .  

10. The  tnsertion point would occur  

the s a m e  t ime as) engine cutoff. 

(befo re/afte r / at 

2-15 
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1 2-11. 
I 

ANS-10: 

The point at  which engine cutoff occurs hecornes, by definition, the insertion 

s t  the s a m e  time as 

point. Pr ior  to cutoff, the spacecraf t  h a s  been in powered flight, not in orbit. 

The shape of the orbi t  is determined by the speed and direction of the 

spacecraft  a t  the insertion point. 

11. Thc insertion nngle (figure 2-7) defines the direction of the spacecraf t  at 

the insertion paint and is measured hetween the l ine of spacecraf t  motion and 

(local horizontal/local ver t ical) .  

XNS-11: local vertical  

An insertion angle of !)O , then, woulcl mean that the spacccrnft  was traveling 0 

d o n g  local horizontal. 

12. An insertion angle of 90° would produce an initial flight path angle of 

degrccs.  

I 2-13 

XNS-1": 0 

Similar ly ,  an insertinn anglc of Oo would prodirce a flight path angle of +90 , 0 

not to mention n pret ty  bad orbit. 

13. Unicss the resulting orbit  is  a pcrf tc t  c i rc le .  an insertion angle of 90 

n.ould produce an orbi t  in which the insertion point coincided ni th  

0 

(apogee/ perigee/ e i ther  apogee or  per igeeinei ther  apogee 

nor  perigee). 
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I 2-14 

ANS-13: ei ther  apogee or perigee 

Whether the insertion point coincides with per igee or  apogee depends on whether 

the insertion velocity is g r e a t e r  o r  l e s s  than c i r c u l a r  velocity. (Circular  velocity 

is simply the vcltxity necessary  to produce a c i r c u l a r  orhit .)  Orhlts result ing 

from these different insertion velocit ies (with the insertion angle held at 90’) 

are shown in figure 2-8. 

14. A velocity greater than c i r c u l a r  velocity would produce an o&it in  which 

the insertion point would coincide with 

:?-1S I 
ANS- 14: perigee 

Apogee. of course,  would be 180 away from the insertion point. A velocity 

lcss than c i rcu lar  vcloeity, on the otht*r h.md, would p13c:t’ thc resulting orbit’s 

:~pogrc n t  u l c -  insertion point and pcripccb 180 awns. 

0 

0 

Another way of looking at it i s  this: The height of the spacecraf t  on the 

opposite s ide of the orbi t  (whether i t  i s  apogee o r  perigee) depends on the 

insertion velocity. 

15. Assuming a n  insrr t ion angle of 90 , which of the follouinq insertion o 

velocit ies would resul t  in the greatest  altitude for the spacecraf t  when it i s  

150 m a y  from the insertion point? 

A. l!), 111JO mph 

B. 20.000 mph 

C. ‘21,000 mph 

o 
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FIGURE 2-9 
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ANS-15: C. 21,000 mph 

The greater the insertion velocity, the higher the orbi t  on the opposite side. 

Now let's hold the insertion velocity equal to c i r c u l a r  velocity and v a r y  the 

insertion angle. 

16. TRUE or FALSE? With an insertion angle other than 9O0, a n  orbit in which 

the insertion point coincided with per igee could pJ be produced. 

I '1- 1'; 

ANS-16: TRUE 

Remember,  the flight path angle at apogee and perigee is always 0 , and 

the only wnv to get a flight path angle of 0 at the insertion point is to have 

a n  insertion angle of 90 . 

0 

0 

0 

0 
17. As a resul t  of an insertion angle l e s s  than 90 , shown in f igure 2-9, the 

spacecraf t  would have n 

angle and would be moving toward 

(positive/negntive) initial flight path 

( perigee/apogee). 
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FIGURE 2-9 
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I 2-18 
i 

ANS-17: positive 

aPoReQ 

The example in figure 2-9 is, of course,  exaggerated. Insertion angles would 

normally be held very close to 90 . W e  can use this illustration, however, to 

point out an interesting result of varying the insertion angle. 

First,  notice the orientation of the line of apsides. 

1s. The line of apsides appears to be 

parallel) to the insertion velocity vector. 

0 

(perpendicular/ 
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ANS- 18: paral le l  

Interestingly enough, this relationship holds for all inser t ion angles as long as 

the insertion velocity is held equal to c i r cu la r  velocity for the inser t ion point. 

The  sequence in f igure 2-10 shows wlint happens to  an  orbit as the inser t ion angle 

is varied. (Don't w r r v  about th r  fact that a couple o f  the  orhits in te rsec t  the  

sur face  of the Earth. It's the  principle of the  thing we're i l lustrating, not orbits 

that tvnuld actually he used. 

19. Sot ice  thnt, as tht. insertion nng lcc rosses  90 , apogee and pc-rigee rcverse .  

That i s ,  for an insertion angle  of R 9  , apogee would be reached 4 9  

(after,'bc.fore) the insertion point, but for 'an inser t ion nnglc of 91 , apogee would 

he reached 89' 

0 

0 0 

C) 

( a f t c r h e f o r c )  the inser t ion point. 

. W S -  l!): nftcr  - 
before 

50. This  reversa l  is logical cnough i f  you rrmcimhcr that n positive flight path 

angle ( resul t ing from an inscrtion anglt. of less than !JO ) means that  the spacecraf t  

IS moving toward 

flight path nnglc ( resul t inz from :In inwr t ion  angle of mort. than 90 ). means that 

the  spncccraf t  i s  mosing toward 

0 

(apogtv: pcrr,rrc~),  and thnt n ncgative 
0 

(npogt.v./ perigee). 
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FIGURE 2-11 
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2-21 

AM-20:  apogee 

pc rigec 

Another way of looking at  t he  orbits is to define the t r u e  anomaly of the inser t ion 

point. Let's start  with an  insertion angle of 45 , a s  shown in figure 2 -11 .  

Rcmemhcr that thc inscr t ion vclocity vcc tor  'and t h r  l ine of aps ides  are parallel. 

Then, from hnsic geometry. you can scc that  the  inscsrtion angle is equal to 

nnglc. "A". 

21. This  mcnns that,  in 'XIS- cxuamplc. thc inser t ion point i s  45" away from 

0 

(npogce/perijiec). 

XKS-3- 1: apogee 

T r u e  anomaly, however, is a measurc. of how far the spacecraf t  (or the  inser t ion 

point, in this  case) is from perigee. 

22. To find true anomaly, thcn, you s imply  subt rac t  angle " A '  (4.'i0) from 

2-33 

I) ASS-3: IS0 

Thus, the true anomaly r)f thc insertion Imint in  figures 2-  I 1  is +I%".  

- 
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FIGURE 2-12 
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INSERTION CIRCULAR 
VELOCITY > VELOCITY 

INSERTION 
POINT 

FIGURE 2-13 
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2-29 

For iirwrtioti vt@locttic.u othcr  th:m c i rcu lar  vc*locity, :dl wc can do (without 

getting beyond the scopc of this text, that is) is make a couple of generalizations.  

26. For example, even without knowing the insertion velocity, you know that 

a n  inser t ionangle  Less than 90' gives you a 

initial flight path angle, which means that the spacecraf t  is heading toward 

(negative/ pos itiv e) 

(apcgedper igee) .  

2-29 

ANS-26: positive 

apogee 

But,  how far does it have to go before it reaches  apogee? T h i s  is dependent 

not only on the insertion angle but OH the insertion velocity. It is not 

necessar i ly  within t h t k  next 90 , a s  i t  was when insertion velocity equalled o 

c i r c u l a r  velocity. In figure 2-13 for instance, where the insertion velocity 

is considerably g r e a t e r  than c i rcu lar  velocity, apogee is well over  90 away 0 

f rom the insertion point. 

27. Al l  we can say for s u r e  is that, for insertion angles less than 90°, 

apogee must  occur  somewhere within the  first degrees. 
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ANS-2'7: 180 

The far thest  you can be from apcqvx! and have a positive flight path angle  

is a point just  past  perigee, 180 away. Thus, when you have a positive initial 

flight path angle, you have to  reach apogee within 180'. 

28. Similarly,  an insertion angle g rea t e r  than 90 gives you a 

(positive/negative) initial flight path angle, which means  that the spacecraf t  will 

reach (apogee/perigee) within the first degrees.  

- 
0 

0 
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2-31 

Assume the insertion velocity is equal to  c i r c u l a r  velocity for each insertion 

REVIEW QUESTIONS 

point in figure 2-14. 

29. Sketch the approximate o rb i t s  that would resul t  f rom the two inser t ions 

shown in figure 2-14. Indicate the line of apsides,  Icrigee. and apogee in  each. 

30. The tmt. anomaly of the insertion points in figure 2-14 are: 

B. 

31. What would be the t rue  anomaly of a spacecraft IOo past  apogee? 

;too &fore it reaches apogee? 
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INSERTION VELOCITY 
LESS THAN 
CIRCULAR VELOCITY 

FIGURE 2- 15 

INSERTION 
POINT 

INS E IiT I< IN V E L OC I TY 
GREATER TIIAN 
CIRCULAR VELOCITY 

PERIGEE APOGEE 

INSERTION 
POINT 

IKSERTIOX 
POINT 

\ HORIZ OKTAL LOCAL 
\ VERTICAL 

\EARTH \ 
/ '-/ 

FIGURE 2- I ( i  
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3- 31 

32. Sketch the approximate orb i t s  that would resul t  from the inser t ion shown 

i n  f igurt  2-15. Indicate the line of apsides ,  apogee, and perigee in each. 

REVIEW QUEST IONS (continued) 

33. Indicate which o f  the le t tered angles in figure 2-11; correspond to  each 

of the following. 

Insertion angle 

Flight path angle 

True anornalv 

34. If  the flight path angle of a spacecraf t  is always 0'. the orbit is 
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PERIGEE 
A B 

ANSWERS TO REVIEW QUESTIONS 
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"-3:' 

ANS-30: A. 140° 

R. 130" 

ANS-31: - 170° 

1So0 

ANSWE Rs TO REVIEW QUESTIONS (continued) 

ANS-32: 

INSERTION VELOCITY 
LESS TlIAN 
CIRCULAR VELOCITY 

INSERTION 
I 

PERIGEE 

(frames 2-21 thru 2-27) 

(frames 2-1. 2 - 2 ,  2-3) 

(frames 2-14, 2-15) 

INSERTION VELOCITY 
GREATER THAN 
CIRCULAR VELOCITY 

I 
INSERTION 

APOGEE 
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2-32 I ANS’U’ERS TO REVIEW QUESTIONS (cvwtinucvi) 

iWS-33: F Insertion angle - (frames 2-11. 2-12,  2-13] 

- D Flight Path angle (frames 2-4, 2-5) 

(G might also be con- 
sidered correct. but it 
is technically the initial 
flight path angle, so D 
is a better choice. ) 

- C True anomaly (frames 2-1, 2-2, 8-3) 

ASS-34: circular (frame 2-9) 
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